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Evolutionary Robotics is a field that “aims
to apply evolutionary computation tech-
niques to evolve the overall design or con-
trollers, or both, for real and simulated
autonomous robots” (Vargas et al., 2014).
This approach is “useful both for investi-
gating the design space of robotic applica-
tions and for testing scientific hypotheses
of biological mechanisms and processes”
(Floreano et al., 2008). However, as noted
in Bongard (2013) “the use of metaheuris-
tics (i.e., evolution) sets this subfield of
robotics apart from the mainstream of
robotics research,” which “aims to con-
tinuously generate better behavior for a
given robot, while the long-term goal of
Evolutionary Robotics is to create general,
robot-generating algorithms.”
One could say that Evolutionary Robot-
ics is a test ground or experimental toolbox
to study various issues arising on the road
to intelligent and autonomous machines.
The related issues include embodied cogni-
tion and intelligence, self-organization and
collective behavior, the emergence of com-
munication and cooperation, co-evolution,
neuro-evolution, and many more with
robots forming the substrate or medium
for the experiments (Nolfi and Floreano,
2000; Wang et al., 2006; Floreano et al.,
2008; Trianni, 2008; Doncieux et al., 2011;
Bongard, 2013; Vargas et al., 2014). Given
the fact that many Evolutionary Robotics
investigations are performed in simulation,
there is a big overlap with a subfield in
Artificial Life research that is concerned
with evolving virtual creatures and soci-
eties. However, I think it is safe to say
that robotics can be distinguished because
it ultimately aims at real physical robots
(a.k.a. intelligent machines, animate arti-
facts, or artificial organisms) that exist and
operate in the real world. Their bodies
can be made of traditional mechatronic
components, (self-) assembled from sim-
ple modular units, formed by some soft
material, 3D printed plastics, some fancy
new stuff invented by material scientists, or
any combination of these,but in the end the
robots must be physical entities. Therefore,
Grand Challenges for Evolutionary Robot-
ics must be tangible. Furthermore, Grand
Challenges should be demonstrations of
evolution, either a particular property of
it, or the process of evolution as a whole.
In the following, I propose three Grand
Challenges, subject to discussion. This list
is not meant to capture the ultimate goals
for the field. Rather, it is meant to inspire
the community to deliberate and collec-
tively identify the bold dreams that can lead
further developments. This paper will have
achieved its main goal if the list of Grand
Challenges is discussed and revised, lead-
ing to an adjusted version that has a broad
support.
THE ROBOT KANGAROO
Natural and artificial evolution are praised
for the ability to “think” out of the
box. The field of evolutionary comput-
ing and evolutionary design has demon-
strated that artificial evolution can deliver
solutions that humans find unexpected
and original (Bentley and Corne, 2002;
Eiben and Smith, 2003). Further to being
cool, such solutions can advance science
and engineering because, in principle, they
can be analyzed and reverse engineered.
Understanding why and how they work
can provide new insights, design guide-
lines, or adjustment to the current the-
ory. As for natural evolution, consider the
kangaroo. For thousands of years, peo-
ple have been drawing odd animals, like
chimeras and dragons. However, these were
most often combinations and/or exagger-
ations of existing animals: strange – yes,
original – no. In the meanwhile, before the
discovery of Australia no one had imagined
an animal with a pouch. Thus, the kan-
garoo is a metaphor for the truly original
designs evolution can come up with. The
challenge dubbed The Robot Kangaroo
is to deliver the promise of evolution to
be original in a robotics context. That is,
to demonstrate an evolved robot whose
design (morphology and/or control sys-
tem,and/or behavior) is surprising. Clearly,
it is hard, if not impossible, to pre-define
surprising and it could be argued that it is
too subjective to be useful. However, the
same can be said about beautiful, but this
does not prevent Miss Universe contests
from being organized. To put it pragmati-
cally: Original design? We can’t define it, but
we’ll know it when we see it.
SELF-REPRODUCING ROBOTS THAT
EVOLVE IN REAL TIME AND REAL
SPACE
Evolutionary Computing is, well, comput-
ing. Producing a new individual in an
evolving population is just a matter of cre-
ating a new piece of digital code. The same
holds for evolving virtual creatures in Arti-
ficial Life and Evolutionary Robotics exper-
iments conducted in simulation. However,
as noted in Fernando et al. (2011), such sys-
tems seriously lack “the richness of matter
that is a source of challenges and oppor-
tunities not yet matched in artificial algo-
rithms.” Going from digital evolutionary
systems to physical ones will be a game
changer in several ways and will represent
a second major transition from a histor-
ical perspective (Eiben et al., 2012). The
first transition took place in the twentieth
century when computers made it possible
to create, study, and utilize artificial evo-
lutionary processes in imaginary, digital
spaces. This was a transition from evolu-
tion in wetware to evolution in software.
In the twenty-first century, we could make
a transition from evolution in software to
evolution in hardware. The correspond-
ing Grand Challenge entails that robots
can physically (self-)reproduce, that is, it
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requires an asexual or sexual reproduction
mechanism that can create a new physical
robot based on genetic information of one
or two existing robots (Eiben et al., 2013).
The new kind of Evolutionary Robotics
will switch from simulations with occa-
sional fitness evaluations in real hardware
to the physical world with occasional use
of (internal) simulators. In such a setting,
we can close the reality gap and switch
from (ab)using evolution as an off-line
optimizer to employing it as a force for
on-line adaptation. The resulting systems
will exhibit more realistic evolutionary
processes with the inherent noise, uncer-
tainty, and richness of physical interac-
tions. Furthermore, in such systems we can
investigate the co-evolution of minds and
bodies and study their interactions both
ways, not only study how the body shapes
the mind, but also how the mind shapes
the body and how their emergent interac-
tions lead to interesting behaviors (Pfeifer
and Bongard, 2006). It is very likely that the
evolutionary dynamics and the outcomes
will be different from those in simulation.
The bottom line is: Matter matters.
OPEN-ENDED ROBOT EVOLUTION
Evolutionary Robotics can contribute to
engineering as well as to biology (Waibel
et al., 2011, Long, 2012). When using it for
engineering purposes or studies in Artifi-
cial Intelligence and Artificial Life, there are
no restrictions on the evolutionary mech-
anisms. The system does not need to be
biologically feasible – anything goes as long
as it delivers good designs and interest-
ing behaviors. On the other hand, a bio-
logically plausible Evolutionary Robotics
system represents a physical (not digital)
model of evolution, hence it can be used to
conduct scientific studies into the princi-
ples of biological evolution. As of today, the
level of technology will not allow for a com-
plete emulation of all underlying chemical
and biological micro-mechanisms in some
artificial substrate. However, even a system
that mimics the macro-mechanisms (e.g.,
selection, reproduction, and heredity) in a
physical medium is a great leap forward
from the purely software-based research
tools. Even if such a system is just an
approximation of the biological reality, at
least it will not violate the laws of physics
and will be able to exploit the richness of
matter. The third Grand Challenge is to
build a real world evolutionary system of
physical robots that undergo open-ended
evolution in an open environment. One
important property of such a system is the
type of selection driving it. Selection can
be purely environmental without a user-
imposed, quantifiable fitness function pur-
suing only viability, but in principle, this
can be extended with mechanisms that rep-
resent preferences of the user/experimenter
also aiming at some utility (Haasdijk et al.,
2014). For a maximum match with bio-
logical evolution, the system should be
driven by environmental selection only.
Given enough time, this system will hope-
fully evolve and adapt to the environment.
With such a system, we could gain insights
into fundamental issues, e.g., the mini-
mal conditions for evolution to take place,
the factors influencing evolvability, or the
rate of progress under various circum-
stances. Perhaps we will witness some of the
events natural evolution encountered, such
as the emergence of species, maybe even
the Cambrian explosion. When achieved,
this Grand Challenge could bridge Biology,
Evolutionary Robotics, and Artificial Life
producing a new category: Life, but not as
we know it.
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